The singlet states of SiO that correlate with ground state atoms have been studied. The computed spectroscopic constants are in good agreement with experiment. The lifetime of the E state has been calculated to be 10.9 ns; this is larger than the results of previous computations and is in excellent agreement with the experimental value of 10.5±1.1 ns. The lifetime of the A state is about three times larger than found in experiment. We suggest that absorption from the X state to the (2) 1 Π state is responsible for the unidentified lines in the experiment of Hormes et al.
I. INTRODUCTION
Meteor entry produces emission that can be observed on earth. This arises from the air heated by the bow shock and from the products of the reaction of the hot air and the ablation gases from the meteor. Stony meteors contain a large fraction of silicate rocks that yield Si atoms as ablation products, that can react with oxygen atoms in the wake. This reaction yields SiO in electronically excited states that can emit and contribute to the observed meteor emission. High fidelity modeling of such emission requires accurate electronic transition intensities for low-lying states.
There have been numerous studies of SiO, both experimental [1] [2] [3] [4] [5] [6] and theoretical [7] [8] [9] [10] .
While much is know about SiO emission, the lifetime of the A 1 Π state is still in
question. An experimental value 3 of 9.6±1 ns has been reported. Computed [7] [8] [9] [10] lifetimes for this state have varied for 49.5 to 12.5 ns. For the E state the computed lifetimes [8] [9] [10] are about 70% of the measured value 4 . While the agreement between theory and experiment E state is better than for the A state, it is still worthwhile to reinvestigate this transition as well. Given that this is expected to be an observed emission from meteor entry, it is important to correctly establish the A − X and E − X emission intensity. We have therefore studied the singlet states of SiO that correlate with ground state atoms.
II. METHODS
We consider the six singlet states arising from ground state Si ( 3 P g ) and O ( 3 P g ) In the typical approach the phase of the transition moments is undefined. We avoid this uncertainty following the suggestion of Schwenke 19 . We pick one r value as reference and perform a standard calculation. We perform the CASSCF calculation for the adjacent point and compute the diabatic orbitals. This makes the orbitals at the second point as similar as possible to those at the first, or reference point. We
Schmidt orthogonalize the reference orbitals at the displaced geometry and compute the overlap between the two sets to confirm that the overlap is larger than 0.5 for analogous pairs of orbitals. We note that while we use diabetic orbitals, we are not performing diabetic calculations. After performing the IC-MRCI, we compute the overlap between the CI vectors for these two points. Since the orbitals are similar and have the same phase, the overlap of the CI vectors allows the phase of the transition moments to be made consistent. We should note that one cannot use a single point as reference for the entire curve since the orbitals change too much for points that differ significantly in r value. So we proceed stepwise and use the previous r value as reference.
The Einstein A values and lifetimes are computed in the standard manner using the computed potentials and computed transition moments. When the experimental T 0 is known from experiment, the computed potentials are shifted to match experiment.
III. RESULTS AND DISCUSSION
The IC-MRCI potentials are plotted in Fig. 1 and the computed spectroscopic constants are summarized in Table I The Franck-Condon factors and energy separations for the absorption from the v =0 level of the X state to the (2) 1 Π state are given in Table IV . These values are consistent with the unidentified lines given by Hormes et al. 1 and we suspect that transitions to the (2) 1 Π are responsible for these lines.
IV. CONCLUSIONS
The singlet states of SiO that correlate with ground state atoms have been studied.
The computed spectroscopic constants are in good agreement with experiment. The lifetime of the E state is in excellent agreement with experiment, while that of the A state is about three times that of experiment. Given the accurate treatment used in this work, we suggest that new experimental studies of the A state lifetime are warranted. We also suggest that absorption from the X state to the (2) 2 Π state are responsible for the unidentified lines in the experiment of Hormes et al. 
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